Antenna Technologies for NASA Applications 


This presentation addresses the efforts being performed at GRC to develop antenna 
technology in support of NASA’s Exploration Vision. In particular, the presentation 
discusses the communications architecture asset-specific data services, as well as wide 
area coverage, high gain, low mass deployable antennas. Phased array antennas as well as 
electrically small, lightweight, low power, multifunctional antennas will be also 
discussed. 
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IDGA’s Military Antenna Systems Conference 
Westin Arlington Gateway, Arlington, VA 
September 19-20, 2006 



Outline of Presentation 
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A Bold Vision for Space Exploration 
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Assessment of Existing NASA 
Communications Capability 
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70m) can provide excellent high-rate coverage in lunar vicinity 

Limited Mars communications data rates and numbers of 
connections 

Limited precision Mars navigation capability 




Final Report 





Top Level Conceptual Communication 

Architecture -2030 




Lunar Communications Assets 




Mars Communications Assets 



Mars Global Surveyor (MGS) 





Surface Communications Architecture ** 




co 0 

0 JZ 

o o 

| 

^ to -d 

£3 > N 
0 0 = 
co fo 5 
8 8 ■£ 

© § 8 

8 E (0 

^ £ "O 
5 O c 
CO o 0 


0 

0 

v_ 



0 

_Q 

O 


CD 

C 

< 


-1—' 

s_ 

Q_ 



"0 

O 


0 

0 

c 

0^ 

v_ 

0 

O 

£ 
H— » 

O 


c 

0 

H— » 

0 

_l 


0 

> 

0 

C 

0 
M A 

z 

0 

0 

s_ 




0 -± 
O o 

£ £ 

L— H— » 

z> 0 


0 

0 0 
^ > "D 
CO C 
0^0 

E 0 h-T 

c 0 

2 o ±s 

2 ^ -Q 
CO 0 

.E 0 J= 


.ti 0 

E 0 

■3 0 

2 0 
g-to 
8 g> 

■*= o 

5 E 

< 0 


0 5 
+* o 

>» 0 
_0 O 0 

0 'C O) 
^ 3 C 

-£5 

~ E w 
go .9 

0 -rj = 
0 E _Q 

0 £ 0 

«Sa 

0X0 

<0O 



Surface Communications Assets 





Surface Communications Assets 



• Transmission of data to surface and space assets 

• Can support larger communication hardware and higher data 
rates over long distances. 

> Smart/reconfigurable antennas, multibeam antennas, lightweight 
deployable antennas are viable technologies (10-30 Km) 



Space Communications Assets 




1 > In Orbit: Gimbaled dish? (slew rate driven), 

Satel I ite Systems reflectarrays, phased array antennas, 

deployable/inflatable arrays 
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Antenna Technology Summary 
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Solar Cell Integrated • Retro-directive 

Antennas Antenna 





















GRC Antenna Research Herita 
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Technology Readiness Level 



Basic principles observed and reported 





Large Aperture Deployable Antennas 

(X-, and Ka-Band : TRL 4) 
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Large Aperture Inflatable Antennas 
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Terrestrial” Deployable Antennas 



pedestal array concept 




4 Element Inflatable Antenna Array 

August 2005 
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Large Aperture Deployable Antennas 



(1) Low cost fabrication and inflation of an annulus antenna 

(2) Overall surface accuracy 1 mm 

(3) Negligible gravity effects 

(4) Elimination of large curve distortions across the reflector surface (i.e. Hencky curve) 





Conformal • Low MMIC efficiency Potential Applications 

Graceful degradation (thermal management • CLV, CEV 

Multi-Beam problems) • Robotic Rovers 

Fast Scanning/acquisition • Cost per module • Satellite Systems 

S-, X-, Ku-, K-, and Ka-Band • FOV (limited to +/- 60°) • Surface Communications 



GRC Low Cost Electrically Steerable Array 

Antenna Road Map 



1990-1998 : Funding Source ACTS 
2000-2003 : Funding Source SCDS 



256-Element Ka-Band Phased Array 

Antenna (PAA) 



256 Elements Array (Boeing) 





















Two Principal Planes Cuts Antenna 
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SQR of Number of Radiating Elements 
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Multi-Beam Antennas 









Antenna Technologies for 
Future NASA Exploration Missions 
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Miniature Antennas 
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Compact Microstrip Monopole 
Antenna (CM M A) 
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Self-Powered Antennas 
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angle, deg angle, deg 






Miniaturized Reconfigurable Antenna 
for Planetary Surface Communications 
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Collaboration with Dr. Jennifer Bernhard (University of Illinois) 



Miniaturized Antennas in Random Sensor 
Arrays for Planetary Surface Exploration 
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Simulated Beam forming Achieved Using Bayesian 
Estimation Method For a Random Sensor Array 











Reconfigurable Antennas 
for High Data Rate Multi-Beam Communication 

PI: Prof. Jennifer Berhard, U. Illinois, Grant # NAG3 2555 
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1C Compatible Prototype Square Element 
For monolithic MEMS integrated fabrication 
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Miniature Antennas 
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surface communications assets (e.g., SDR radios) where available 
space and power place stringent requirements on mobile 
communications systems at the envisioned UHF/VHF/S-band 
surface comm, frequencies (i.e., astronaut suits, probes, rovers) 



